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大气 CO2 浓度升高引起海洋酸化，臭氧减少使到达地表的 UV-B 辐射（280 - 
315 nm）增强——这两个环境因子与浮游植物密切相关，将对其光合生理产生影
响。硅藻对海洋总初级生产力的贡献达 40%，在海洋生物碳泵中扮演着重要角色，





化和 UVR 对该藻的复合效应。主要结果如下： 
室内低光强（75 μmol m-2 s-1）条件下培养时，假微型海链藻，在海洋酸化状
态下（pCO2 1000 ppmv，pH 7.83）生长 20 代后，与正常 CO2 浓度下（pCO2 390 
ppmv，pH 8.16）生长的细胞相比，其比生长速率和光合固碳速率分别提高了 4.6%
和 25%；二者增幅不一致的原因是海洋酸化条件下呼吸作用升高了，消耗了更多
的有机碳。酸化条件下生长的细胞对 CO2 的亲和力下降了 46%，表明其无机碳
浓缩机制（CCM）被显著下调。当将两种 CO2 浓度下生长的细胞暴露于光胁迫
（1200 μmol m-2 s-1）条件下时，它们的光化学效率、非光化学淬灭和光系统 II
有效吸收截面积均受同等程度的影响，无显著差别，表明细胞的光保护机制没有
受到酸化的影响。 
转移该硅藻至室外阳光下培养时，高 CO2 浓度下生长的细胞，CCM 同样被
下调，但酸化对生长和光合固碳的促进作用消失。UVR 对细胞的 CCM 无影响，
但却降低了细胞的比生长速率和光合固碳速率，且降低幅度与酸化无关。其中，
UV-A（315 - 400 nm）和 UV-B 对生长的平均抑制率分别约为 15%和 7%，对光
合固碳的抑制率分别约为 22%和 6%。虽然 UVR 对生长和光合固碳的抑制作用
主要由 UV-A 引起，但 UV-B 对细胞光系统 II 的损伤更大。随着细胞对阳光 UV
辐射的适应，其非光化学淬灭能力及紫外吸收物质的积累明显升高。酸化条件下







































The CO2-induced ocean acidification (OA) and increased UV-B (280 - 315 nm) 
irradiance due to ozone depletion may impact phytoplankton physiology. Diatoms, 
which are responsible for about 40% of the total primary production in the 
oceans, play a major role in biological CO2 pump. Therefore, their physiological 
responses to OA and UV radiation (UVR, 280 - 400 nm) are of general concern. 
While effects of OA on diatoms are controversial, interactive effects of OA and 
UVR have hardly been documented. In this study, we used CO2 perturbation 
technique and investigated the impacts of OA on the diatom Thalassiosira 
pseudonana, and examined the combined effects of OA and UVR while 
culturing it under solar radiation with or without UVR. 
After Thalassiosira pseudonana had been grown under elevated CO2 level (pCO2 
1000 ppmv，pH 7.83) for 20 generations under low light intensity (75 μmol m-2 s-1) 
indoor, its growth and photosynthetic carbon fixation rate increased by 4.6% and 25%, 
respectively, compared to that grown under ambient CO2 level (pCO2 390 ppmv，pH 
8.16). The disproportional increase between growth and photosynthesis was due to 
enhanced respiratory carbon loss under the acidified conditions. The photosynthetic 
affinity for CO2 decreased by 46% in the high-CO2 grown cells, reflecting the 
down-regulation of inorganic carbon concentrating mechanism (CCM). When 
exposed to light stress (1200 μmol m-2 s-1), photochemical and non-photochemical 
quenching, as well as the effective absorption cross-section of PSII, responded 
similarly in the low and high CO2 grown cells, reflecting their photoprotective 
mechanisms were not affected by OA.  
When the cells were exposed to solar radiation outdoor, down-regulation of 
CCM was also observed under OA condition, though positive effects on growth and 
photosynthetic carbon fixation disappeared. UVR did not affect the operation 















fixation, and the inhibited degree were independent of the CO2 levels. The inhibition 
on growth induced by UV-A (315 - 400 nm) and UV-B were 15% and 7% on average, 
respectively; for photosynthetic carbon fixation, the averaged inhibition was 22% and 
6% by UV-A and UV-B, respectively. UV-A played a larger role in inhibiting growth 
and photosynthetic carbon fixation, while photosystem II was more sensitive to UV-B. 
Long-time acclimation to UVR was accompanied with enhanced non-photochemical 
quenching and increased cellular contents of UV-absorbing compounds. The 
Photosystem II of high-CO2 grown cells was more sensitive to UVR, probably, due to 
the increased seawater acidity. 
In conclusion, OA could down-regulate the CCM of this species. The saved 
energy from this down-regulation could benefit its growth and photosynthetic carbon 
fixation under low light intensity. However, the saved energy did not contribute to 
cause additional photoinhibition in this diatom, though synergistic effects of OA and 
UVR were found. UVR decreased the growth and photosynthetic carbon fixation of 
cells, but did not alter its CCM efficiency. 
 
















CCM Inorganic Carbon Concentrating 
Mechanism 
无机碳浓缩机制 
Ce The counting efficiency 计数效率 
Chl Chlorophyll 叶绿素 
CPM Counts per minute 放射性物质每分钟计
数 
DIC Dissolved inorganic carbon 溶解性无机碳 
ETR Electron transport rate 电子传递速率 
Fm Maximal fluorescence 暗适应 大荧光 
Fo Initial fluorescence 暗适应初始荧光 
Fv Variable fluorescence 大可变荧光 
Fv/Fm Maximal quantum yield 大量子产额 
Fm′ Instant maximal fluorescence 光适应 大荧光 
Ft Instant initial fluorescence 即时荧光 
ΔF Variable fluorescence 光适应可变荧光 
ΔF/Fm′ Effective quantum yield 有效量子产额 
If The isotope discrimination factor 同位素差别因子 
Ik Light saturation point 光合作用光饱和点 
LC Low CO2 低 CO2 















LC-HC Low CO2 grown cells measured in 
high CO2 medium 
低 CO2 生长的细胞在
高 CO2 下测定 
HC-LC High CO2 grown cells measured in 
low CO2 medium 
高 CO2 生长的细胞在
低 CO2 下测定 
MAAs Mycosporine-like amino acids 三苯甲咪唑类氨基酸 
NPQ Non-photochemical quenching 非光化学淬灭 




PAB PAR+UV-A+UV-B (280-700nm) 全波段太阳辐射 
PA PAR+UV-A (315-700nm) 可见光和 UV 辐射 A 
PEPCase Phosphoenolpyruvate carboxylase 磷酸烯醇式丙酮酸羧
化酶 
PEPCKase Phosphoenolpyruvate carboxykinase 磷酸烯醇式丙酮酸羧
激酶 
P-I curve Photosynthesis-irradiance response 
curve 
光合作用-光响应曲线 
Pmax Maximal photosynthetic rate 大光合作用速率 
PSI Photosystem I 光系统 I 
PSII Photosystem II 光系统 II 
qE Energy dependent NPQ 能量依赖型非光化学
淬灭 
qI Photo-inhibition dependent NPQ 光抑制依赖型非光化
学淬灭 
















Tris Tris (hydroxymethyl) amino 
methane 
三羟甲基氨基甲烷 
UVR Ultraviolet radiation (280-400 nm) UV 辐射 
UV-A Ultraviolet radiation A (315-400 nm) UV 辐射 A 
UV-B Ultraviolet radiation B (280-315 nm) UV 辐射 B 
α Light utilization efficiency 光能利用效率 




µ Specific growth rate 比生长速率 
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